A new flavonoid, identified as kaempferol 3-O-(4'''-O-acetylrutinoside) by chemical and spectral methods, has been isolated from aerial parts of the fern Dryopteris villarii, together with the new fern constituent, chrysin 3-O-rutinoside, and kaempferol 3-O-rhamnoside-7-O-glucoside.
Previous work on the flavonoids of ferns has led to the identification of a number of compounds [1] [2] [3] [4] including new and bioactive [5] natural products. In addition, it is well known that flavonoid analysis of ferns is of chemotaxonomic interest [1, [6] [7] [8] [9] .
Flavonoids of Dryopteris villarii (Bellardi) Schinz & Thell have recently been studied for the first time [10] [11] [12] [13] , leading to the identification of eight flavonoid glycosides (based on kaempferol, quercetin and apigenin), five acetylated flavonoid glycosides (based on kaempferol and quercetin), four flavonoid glycosides (based on kaempferol and quercetin) acylated with hydroxycinnamic acids, and quercetin 3-O-(acetylcinnamoylglucoside). In addition, three free flavonoid aglycones (kaempferol, quercetin and apigenin) have been identified. The present paper deals with the identification of three flavonoids (1-3) from aerial parts of Dryopteris villarii. These products were isolated by preparative paper chromatography, followed by column chromatography on Sephadex LH-20, and preparative RP HPLC.
Color reactions (brown to yellow in UV+NH 3 ), R f values and UV spectral analysis in the presence of the usual shift reagents [14] indicated that flavonoid 1 may be a flavonol glycoside with free hydroxyl groups at 5, 7 and 4' (shifts with AlCl 3 /HCl, NaOAc and NaOMe, respectively). Total acid hydrolysis gave kaempferol, D-glucose and L-rhamnose, whereas controlled acid hydrolysis gave kaempferol, and rutinose (O-α-Lrhamnosyl-(1→6)-D-glucose). The electrospray mass spectrum (positive mode) showed a pseudomolecular ion at m/z 659 [M+Na] + , a molecular ion at m/z 636 (kaempferol rutinoside acetate), a fragment ion at m/z 449 (kaempferol glucoside+H) and a fragment ion at m/z 287 (kaempferol+H). These data confirm that flavonoid 1 is a kaempferol 3-O-rutinoside acetate in which the acetyl group is linked to a sugar moiety, this being confirmed by 1 H and 13 C NMR spectroscopic data (see Experimental). The 1 H NMR spectrum of 1 showed a sugar proton at δ H 4.62 (triplet, J =10 Hz), whereas the sugar protons (with the exceptions of H-6''' (δ H 0.99) and the anomeric protons H-1'' and H-1''' (δ H 5.39 and δ H 4.41 respectively)) in the 1 H NMR spectrum of rutin (quercetin 3-O-rutinoside) (DMSO-d 6 ) resonate between δ H 3.03 and δ H 3.65. . Since it is well known that a downfield shift (0.5-1.6 ppm) of the proton of the acylated site accompanies acylation [15] , the signal at δ H 4.62 indicates the site of acetylation in flavonoid 1. Since rhamnose H-4 resonates at δ H 4.73 (triplet, J = 9.8 Hz) in 1 H NMR spectrum (DMSO-d 6 ) of a flavonoid glycoside acetylated at position 4 of rhamnose (terminal glycosidic site) [15] , the proton at δ H 4.62 in the 1 H NMR spectrum of flavonoid 1 may be H-4'''. This suggestion was confirmed by 1 H, 13 C-COSY, which showed that the proton at δ H 4.62 correlates with the carbon at δ C 74.2 ( C-4'''). The 13 C NMR spectrum of flavonoid 1 shows, for C-4''', a downfield shift (2.1 ppm) in comparison with the corresponding C-4''' (δ H 72.1) in the 13 C NMR spectrum (DMSO-d 6 ) of kaempferol 3-O-rutinoside [16] ; in addition, the adjacent carbons (C-3''' and C-5''') in the 13 C NMR spectrum of flavonoid 1 show upfield shifts (1.8 and 1.0, respectively) in comparison with the corresponding carbons of kaempferol 3-O-rutinoside [16] . These results confirm that the site of acetylation in flavonoid 1 is at C-4''' since it is well known that in 13 C NMR spectra of acylated flavonoid glycosides the site of acylation may be determined by the downfield shift of the acylated carbon and upfield shifts of the adjacent carbons [16] . Hence flavonoid 1 was identified as kaempferol 3-O-(4'''-O-acetylrutinoside), a new natural product. Only one kaempferol 3-O-(acetylrutinoside) has previously been found in plants, but the position of the acetyl group has not been determined; this product has recently been isolated from Dryopteris villarii [10] and is different from flavonoid 1 (HPLC analysis).
Flavonoid 2 was identified as chrysin 3-O-rutinoside by UV spectral analysis with the usual shift reagents [14] , total acid hydrolysis (which gave chrysin, D-glucose and L-rhamnose), controlled acid hydrolysis which gave chrysin, D-glucose, Lrhamnose and rutinose (O-α-L--rhamnosyl-(1→6)-Dglucose), and from the electrospray mass spectrum (positive mode), which showed a quasimolecular ion at m/z 563 [M+H] + and a fragment ion at m/z 255 (chrysin +H). Chrysin 3-O-rutinoside is a new fern constituent. Chrysin and its derivatives are of rare occurrence in ferns; this flavone has previously been found as an aglycone in frond exudates of Cheilanthes kaulfussii [17] , whereas chrysin 7(βphenylpropionylester)-β-C 6 linked has been found in Pityragramma calomelanos [18] .
Flavonoid 3 was identified as kaempferol 3-Orhamnoside-7-O-glucoside from color reactions (brown to yellow in UV +NH 3 ), R f values and UV spectral analysis in the presence of the usual shift reagents [14] . These data indicated that this flavonoid may be a flavonoid glycoside with free hydroxyl groups at positions 5 and 4'. Total acid hydrolysis gave kaempferol, D-glucose and L-rhamnose; the electrospray mass spectrum (positive mode) showed a quasimolecular ion at m/z 595 {M+H] + and fragment ions at m/z 449 (kaempferol glucoside + H ), m/z 433 (kaempferol rhamnoside + H) and m/z 287 (kaempferol + H ). Since the intensity of the fragment ion at m/z 449 was much higher than that at m/z 433, rhamnose is linked at position 3 and glucose at position 7 of the aglycone [19] . In ferns, kaempferol 3-O-rhamnoside-7-O-glucoside has previously been found in aerial parts of Asplenium bulbiferum [20] and in aerial parts of Asplenium kaulfussii [21] .
Experimental

Plant material: Dryopteris villarii (Bellardi) Schinz
& Thell was collected in the Botanic Garden of the University of Naples (Italy). The fern was identified by Dr R. Nazzaro (Dipartimento di Biologia, Università di Napoli). A voucher specimen (NAPE 3496) has been deposited in the Herbarium of the Dipartimento di Biologia, Università "Federico II", Napoli (Italy).
Isolation: Aerial parts (500 g) of Dryopteris villarii were homogenized and extracted (3 ×) with hot ethanol (4 L). The combined extracts were filtered and concentrated in vacuo at 40°C. Flavonoids were isolated by preparative paper chromatography on Whatman 3MM paper (n-butanol-acetic acid-water, 4:1:5, upper phase) (BAW). The bands (detected under UV light at 365 nm without and with NH 3 vapor) were cut off and extracted with ethanol. The ethanolic extracts were concentrated at 40°C in vacuo and chromatographed on Whatman 3 MM paper in 15% acetic acid (HOAc). The bands (detected as above) were extracted and the extracts concentrated in vacuo. Further purification was carried out by column chromatography (40 × 2.5 cm) on Sephadex LH-20 eluting with methanol. Finally 4 mg of 1, 3 mg of 2 and 4 mg of 3 were obtained by preparative RP HPLC using a Shimadzu system. A Phenomenex C-8 column (250 x 10 mm, 5 μm) was used and the flow rate was 3 mL/min; detection was monitored at 220 and 280 nm. A gradient of two solvents, 0.1% trifluoroacetic acid in H 2 O (A) and MeOH (B) was employed. Initial conditions were 100% (A) with a linear gradient reaching 25% B at t = 25 min. This was followed by isocratic elution Distillation in vacuo gave a residue which was kept in a desiccator in vacuo over KOH pellets overnight. Sugars were identified by silica gel TLC (n-butanol -acetic acid -ethyl ether-water, 9:6:3:1); the compounds were detected with aniline phosphate at 80°C. Aglycones were identified by paper chromatography (acetic acid -37% HCl -water, 30:3:10); the compounds were detected under UV light at 365 nm (without and with NH 3 vapor) and after spraying with Naturstoffreagenz (diphenylboric acid-ethanolamine in methanol (1%)).
Controlled acid hydrolysis:
Flavonoid (about 0.5 mg) in 10% acetic acid (20 mL) was refluxed for 3.5 h. Distillation in vacuo gave a residue in which sugars and aglycones were identified as above.
Preparation of rutinose:
Rutinose was prepared from rutin (Aldrich) by controlled acid hydrolysis (10% acetic acid; 3.5 h under reflux). The disaccharide was isolated by preparative paper chromatography in BAW.
